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PRJI:FACE 

As a result of several studies, the decision vas made to continue develope 
ment and to implement centHJ.l food preparation systems ( CFPS) where applicable 
in the Art'Jq o As part of the continued development, an interizr CFPS has been 
planned for Fort Lee, Vir~inia and is currently being implementedo The US A.nq 
Troop Sqpport Agency ( TSA) ms been charged with developing and impleme~mting 
procedures, techniques, and providing guidance in connection with the imstalls­
tion. 

Furthermore, US Army' Natick Research and Development Commsmd (m\RADCOM) 
has been tasked with givilllg TSA technical support in the CFPS are&o As part 
of this support, various pieces of production equipment have been purchased 
for test at NARADCOM to determine their suitability for use in CFPSo One of 
these pieces of equipment is a. microwave ·tempering tunnel, and its evaluation 
is the subjec~ of this reporte 

The following Food Engineering Laboratory personnel contributed to this 
report: 

Dr. Robert V o Decareau 

Dr. George Co Walker 

Mr. William Eo McNulty 

A special acknowledgment is given to Mr., Grover Do Haigh for his efforts 
in collecting data and managing the supply of test products. 
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INTROWCTIOif 

One of the basic operational requirements for Central Food Prepm.mtion Systems 
is to use, wherever possible, the food materials which are currently available 
through the Armed Services Food Supply Systemo This means that pmctioolly &1.1 
meat priOducts 10111 be bol!llelees 'and received in a f'rozen conditiono Genen!.l:Jl:'j) 
these products are packed in corrug&ted fiberboard boxes weighing up teo 75 lbrB~o 
with the most common weights ranging from 50 to 6o lbso · 

Some products, such as frozen ground beef patties and fish fillet~~ emn ~~d 
should be cooked in the unthel.wed st&te o Such plt'\OO.ucts are packed so thmt th~y 
can be separated into individual pieces while still frozeno Other froze!ll 
products such as l"'fll.sts could be cooked in the untbm.wed state~ but it is diffi.., 
cultj) if not impossible~ to break out the frozen product and arrange it properly 
in roasting pans o Therefore, this type of product should be tempe Fed to a 
temperature above 250:F so that th~ pieces can be sepamted from each othelro 
Still other products such as bulk ground beef and swiss steaks must be tema 
pered or tbmwed so thm. t they m!\y be f'urtber processed before cookiliP8 o 

It is estimated for a typical CFPS operation that a customer 1oM of 
251000 people will require the tempering of 16,6oo lbs of meat per day for use 
in the central kitchen plus 51250 lbso for use in satellite dining halls» 
or a total of about 22,000 lbs. to be tempered for each day of the week on a 
:five-day work week seheduleo This amount of material will occupy 550 cu. ft. 
of volume or 1650 cuo ft o if the good pr.actice standard of 72 hours is used 
for temperiDgo These figures are based on 1<><>:' utilization of spaceo The 
actual requirements will probably be three times as great when all~~ces are 
mde for aisle-ways, mmterials handling equipment, and operational flexibility. 
The figures will vary, of course, for each situation, but they are believed 
to be valid for prelimiury design purposes (Walker, et. al. and WW.ker & 
Tuomy, 1975). 1,2 

The freezing point of meat is usually considered to be approxira&tely 2SOF o 
When meat is exposed to thawing or tempering the individual pieces nl.l P as 
mentioned, become increasingly easy to separate as the temperature rises 
above 250p . 

No~lly, the term "tempering" applies if the tempeFa.ture is rmis®d to 
and contl!'IOlled within t@e 25 to 2SOF m:nge . The tem thatring or defro~Stilll'g 
applie$ wh~D the temper.&tu~ is raised above the freezing level. 

1. W&lker, G.c., HoTo Scllnlup &lmd J.M. Tuomy, 1975· Requirexrents for 25,000 
aem.ngs of i"tll!ms selected. from the 42-day menu. USANOO Tech Rep@Wt T1R~75~71 FELo 

2. Wru.ker, GoCo aXhel JoMo Tuo:mwj) 1975• Stoxage requilN~ments for i~Jr.edielllt!S used 
illl prep!l.ration of 25,000 seJl"rl~s of products from the 42-de.y mellllm. u.ruumc 
Tech Report T.R~76~18~FEL. 
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A common method of th~wi~ b to plmce tlw f'roz®ll! m~t in e. 400F box or 
room and leave it there for up to 72 hotnnu Tlld.$1 iiDStTood is objectiom.ble 
because 1 t is time ... consuming ud emBl gene~te cilrip loss or 11\00epi1!2g" 8lJlld 
sanitation problelUI o To thsl.v on- cJ).e:frost :frozellll. Jll'IClduets w1 th llllicli"'nWve emrgy 
is tmp~ctical because of the increased po~~ ~~~i~~nto and op~r.mtiowml 
probleE &ssociated with the ic::e ... to .. w.ter pb&se cl<lamgeo Water tmving is 
also used in industry P but tl'mis method '+*&IS rraot cc·Mide!re<81 f'or CF?S becmuse 
its mpplications mre limite~ ~a«ll bec~uoe 't~~te ~W&"ttl!ir tF®Ial.tment W10W.d be some­
tlrlmg of & pli:"'blemo Compl®te th&will\18 is ~mot fl.l.~rr.!~~&m1>"7 :fox> CFPS si!lllc(P,I th~S 
major objective 1~ to te~er o~ly to & level wb®~ the conte~ts of a shippi~ 
case oo.n be e~&sily sep&mted a\Rild JremmoweVJ. f'JN>m pm.c~ill.€! a te:rdru. o lllh g~ner&l, 
threr.e is co~amtively little illll.i'olf!Btion'! ifll too litemt.:l!r<e oRR tJm-vlimg o.f meato 
BezmnSOlll (1975) p 3 hwev.er, 7oos SW»Drized the t!!.Wih'lblce dsl.t& rund pr>oblelllillSo 

A number of ~tbcds ~ve b~~n ~~estsd for te~~~ m frozen pFOdueto 
~~ of theae relmt-e to controlled tempemtulM cmbin~ts for sm&ll scru.e 
operationso They are generally desi~ed for it~ms which bmve been removed 
fn>m their shipping cont®.inex>so The time :~reqtdnd for tempe:x-illlg ~at-size 
pieces in equipment of this type with forced &ir circulmtion at high velocity 
vlll mnge from 12 to 24 howrs o 

A ~ther COJ&m'lORll method of' temperilllg is to pl:&cre t.~e pX\oouct in a room. 
vhe!N!I ths tempemture i~ min~i~d ne~r the f.X"e<e~i~ poirmt but lw enough so 
t hat complete tlmvi~ cwmot occ\llro Without f~rc~d ~&ir circu11ll.tion the · 
tempe1•iR?Jg time by this method c&n be i'.S · long as 12 h<Om'S o Unforturfum. tely P the 
l ong l'Saidelll.ce time for J'f'-oom 'te~riJmg prmotas &1'oVl8®B which tend to lower 
the quality of the me~t even to the point whe~ it i~ pro~e to sUFf&ce con­
Wli111&tiono There is &loo m tel!Ule~cy with this mathoo to proce8s more meat 
t mn is actWl!.lly requiNdo The re&son i~ that it ia impossible to predict 
the exmct quantities needed, anm ccmplic~tions mFi~e if there is a shortage 
a.t serving timeo Supply:A.mg ~at in excess of BAeed i~ fr®qu~ntly a source 
of waste andp coueque~tly, is a f&ctco:x- ot COllllSidel--®Tole ccmcemo In general, 
the faster the tempering process the more controlls.ble ax-e the logistics of' a 
Food Service Syst~o 

Because of th~ lo~ ~®idence ti~ ~d other p~~blems mssocimted ~th 
room temperingp indlu~txy i~ bcgiMing to use micll'\O'W'di\W~e device~ for tempsr:lngo 
Micrmm.ve energy is usced COmB'il$:x-c:W.lly to temper both m:ffl.lpped a~dl W!l'WN.pped 
meat $00 meat illll. fiberbcmll:'d C~£seso OlNliBrey f,Qll.Ck&gi~ ~tertru.l!l h'&'W'e little 
or no etfe~t o~ the penetration of mic~~ve e~e~o Mo~t commercial instmlla­
tio~s t®mwer a ltmi~d number of products on & contin~ou~ bmGis w~e~ the 
opeX'Il!l.tioruJ C5llll btt; stm~mi~ed Wh<dt ~checllulteldl. in & routiiD.e ~!fo With the 
Anred Servicet61 by corortJr.B'.!jlt ~ll!W rO!if':fen!ll\t proQI.u~t!!il W@t b® hmn<Bllerdl. ollll a 
~ 'ltece~~ bm.ais o 

3o De?~SOlllp Ao 1975o Thmwi~ ood te~ering of :t'roZORi!. ~&to Proe:e~i!Q8S 
of Memt IDdustr,y Rese&rch Contere~eep Am~~cmu Memt I~stitute Fou~tion. 
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In considering the use of microwave energy, cognizance mwst be tmkert ot 
the significant differel/llce be'UYeen the mic:rowve properties of ice &nd v.&tet-o 
The frozen mterial wst be tempered to a point above 250F' to fSJ.t:i.li t&tQ!I 
handling but below the u1 timm.te tmwing level in order to avoid Wldesi~T.ole 
localized heating and energy losseso 

There has been some concern at NA.RADCOM about the possibility tl'llmt ilon., 
uniformity of tempemtur.e With microwave hes.ting will result irn opelraltiol!Mhl 
problems.. This possibi.lit;r baa been discuesed with comeroial users of 
microwave equipment and the con!Beneus is that temperature equilibrium can be 
achieved by allowing the product to stand at room temperature for an hour 
or less after temperingo Some temperature variation, however, can be tolerated 
for the inteDded applicationso 

With 25KW of microwave enel'gY the tempering time can be reduced to less 
than 15 mins and with 50KW this time is halved. The advantages of better 
·inventory control at these fast :rates sre obvious as is the posillibility of 
tempering to a given temperature without thawing or drip loss, but thell:"e was 
a question as to whether or not these advantmges could be realized in bmmdling 
the wide w.riety of pX'Oducts used in CFPS o Because of tbe potential belltef'i t.t, 
however, it ws decide~ to procure a mic'roW'&ve tempering tunnel alllld test its 
pertol'DI&!lce vith typical C.FPS products &t NARADCOMo This report covers the 
test w9rk. 

A description and phot<Dg:rap!M of the equipment ere containeci1 in Appendix A; 
material truroughput da'UA aJre contained in Appendix Bp and o~mtixng proc<edu:rras$ 
in Appendix C. Tba tables P l!lOF.OOgmphs and ommple calcW&tioxw in tlms nporl 
are presented in ERPglish 'i.!lliAitso Conversion f&ctoJrs for metrtc equiwlenta an 
ms follows: 

PoW!lldls (lbs) to kilogmnm (kg) multiply by Oo4536o 
Inches (ins) to centimete~s (ems) multiply by 2o54G 
BTU peJr lbo to gll".. c&l.ories peJr gl"o multiply by Oo 5556. 
Degftlea F'alhlrei'Phei t (or) to de~s centigrade ( 0c) P 

1:.lU1Jt~ct 32 &llllci1 multiply by 0.5556o 
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PJROCEOORE 

Prr\od:~cte to be tasted WlN!l obts.iMd :fJrom thiS! All'll'1<t:ld F<Olr\:l~S SU~PP.Jly System. 
They il!llclu'!ied chicken pieces mnd whole fryers~ et®v 'Met~ ground beef' P beef 
JN!I!Qsts~ poJrk 1"0!\sts and pork slices. All were rreceived in a frozen condition 
Md p®.cked in col"X"'.Dga.ted :tibeNo&rd cmee~ 'With ~ex- linex>~ o So:me caf!es welN! 
iosmded with mtal str.&:ppi~mg9 but thi&SI Wffis remov~d to fil.Void sTrnieldlill~g eff'e~tr~ 
in the microo-&v~ f'ieldo PJ?ooucts 'Wie~ swred in & 00'/ f'Jr®®~er to mitth tllil.ll!y 
were retumed after ~mperirog for :t--re.,.t®lillti iDg &t a lm:t®xo dmte o 

Mic~ve teiJUlerine; i.s influenced by tlOO ilrltia.DJ. temprenture of too 
product and the desired ellild tempen.tu!C'eo Tlw$e am (()tl'JAel? f&cton detercmine 
the th:rougbput rate :f'or & specified pover l.eV~alo The initial tempemtux-e at 
the oogimd.ng of our stu~ we esUJ.bl.isbed by t&king n:l.m remdings at three 
depths in m diagoD&l al't'my in seveHJ.l cmeea ot em.ch lot<> The measu:reJWnts 
were me.de with s. fast acting :i.m:l.c&tor p~t®r<> We found little or ii!O 

w.riationp particular~p it the plroduct b&d JMSil!il.ed in the fJrerez~&r toY ~&t 
least four days . Subsequent].y ~ 1-re ste&lMliliiled the pFocedure smd merely 
me&sured the temperature &t the geometric center ot a single case. This 
temperature generally coXTe~~»ponded to the tempe~&t'Ulr~S o~ the freezero Temapered 
'teX«PeX'@.ture re&dings were ~en at t~e depths ill! a di~&gomll. array mkirag a 
total. of nine tor each box o Surtmce tempemturee we:rre . taken at eight r.mOO.om 
locationso The target temperature foX' the tempered pll'OO.uct 't<Me 280F jl &t which 
level the thermocouple probe could be inserted without drilling & pilot h~le. 
As a matter of' interes·t 1 the resisttll.lllce to iMerting th~ probe w~a a good 
qu.mlitst:i.ve indication of the degree iiimd unifolr'lilrl.ty of tempe:dl!lig9 Rmytooon 
Com:p&n,y M.s prepax>ed comprehensive t&bles for precU.ct:l.ll'g energy requiJremellilt :: 
and throughput rates.. These tenbles are li!. soUNe of b&sic inf'olr'mtion~ but tt:.~ 
data ~JUSt be adjusted tor each particuh!i.X' situation.. To &void this inconvenience 
we developed nomogmphs to correlate all the pertinent factors for temp(fl)Jrilllg 
f'lrom 0~ to 280F., The nomogr&phs velr'e U8ecil. in settimg tW the initial conditions 
for e~ch pr~duct in ·this sturq snd. are of:fered helre as &n ~mmple of & useJf'ul 
opemtioxw.l picleo A compl.ete exp~tioXR of' their us~ 19 contmim¥Bd in Appendix B. 
Table Bl~ ~ho'!Ha typ:l.cetl. products to be ~Yted foX' the Am~ Forcers mnd the 
calcul&ted co~veyor belt speed in te~ of RPM to temper the products f~m 0 to 
28o:Fo 

Tb.e oper®.tion ot the Rmytheq:)lll temperimg tUllllllllel em be oontr<Olled ·by mley':l.ng 
the cororweyoJr belt e~ed Md/oX' the pmreX" levelo W~ decided :f'«)r CFPS u.~a to 
Op®n!l.te the w:Ait &t IM.Ximwlil poroX" (25KW) w~neve-xo po~siblep muad t o control the 
temper:Uag openJ.tion by ~rying the . comreyor belt spe<l!ltd .. 

8 



It became evident during the course of our test work that two diffare~t 
modes of operation will be required to satisfy the anticipated needs of 
CFPS. One is a continuous mode where there is enough product in the system 
to establish steady state conditions. The second is a smll l ot mode where 
one to eight cases are to be tempered in an unsteady microwave environment o 

These t'l·ro modes were studied separately. The data in Raytheon;s tabl es apply 
to steady state conditions and can only be used directly for a contiDuous 
mode of operation. The t ests to r~resent a continuous mode were conducted 
by placing l2 cases end-to-end on the conveyor belt and measurilDg the 
temperatures of cases #6 and #7 o These are the on:cy- two in the line subjected 
to steady state· conditionso In the small lot runs various numbers of cases 
were processed and temperatures wer e measured in all of themo Conveyor bel t 
speeds and power levels were determined as indicated in Appendi x Bo 
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RESUUTS AND DISCUSSION 

Continuous Mode 

Table 1 gives the temperature results for various products using the 
continuous modeo In most cases the average internal temperature of the two 
test cases after tempering with this mode of operation, was within a degree 
of the tet.rget and the extremes were within 2-1720,. of the avemgeo The average 
surface temperature ranged from 3 to 5 degrees higher than the average internal 
temperature, and the extremes ranged from l""l/ 2 to T' of the surface a.verageo 
Average internal temperatures can be reproduced with minor variations o The 
run-to-run variations in surface ·temperatures, however, are slightly greater. 
Furthermore, there were no significant differences in internal temperature 
at the three depths where measurements were m&deo Table 2 shows the average 
teag;>ered temperatures and the extremes for a number of productso Observations 
other than those listed in Table 2 are as follows: 

10 



~le 1 .. Continuous* Mode Results 

Target Initial Belt 
Tempo Temp. Speed Internal Temp. (Opt) Surface Tempo (CT} 

Product (Opt) (<T) (RPM) Ave Max MiB Ave Max Min Remarks 
--~·---

Chicken :fryers 27 11 6oo 28.5 33 26 32o4 35 30 Giblets stuck 

" - fl 28 7 415 32o2 40 29 37o3 47 32 rt If 

" " 29 5 310 30.2 32 27 45.0 77 32 
tl " 

II pieces 28 6 360 29.2 32 27 34.8 43 32 Mostly frozen 

" " 29 3 26o 30.0 34 28 36.3 45 31 Partly " 

Pork loins 27 5 900 26.8 29 25 35.2 41 32) To demonstrate 
) 

" " 27 5 900 26.6 29 25 33.8 39 32) reproducibility 
~ 

ff slices 28 3 445 28.5 32 27 33.1 39 31) To demonstrate 

u " 28 6 470 28.8 30 28 32·9 44 
) 

30) reproducibility 

Stew beef 25 7 78o 23.2 25 21 31·9 34 30 Mostly frozen 

Same + 1/2 hr 8 7~ - - - 24.7 28 24 31·7 33 31 

same + 21 hrs @ 40ot' - - - 28.1 29 27 3lo7 35 30 Separable; some drip 

Stev beef 28 10 470 28.2 30 27 38.4 39 30 Separable; drip on belt 

Groond beef 28 4 420 28.4 30 27 32·5 34 31 Some :frozen pockets 

*Simulated by processing l2 cases end-to-end and measuring tempered temperatures in cases #6 and #7. 



Whole chickeu, raw 

Whole chickens, :raw, were packed in 22" x 18" x 7" cases having an 
ave7rage gross weight of 63 lbso The giblets were lfr.lli.PP84 11111 ~per and 
partial~ contained in the bo4y cavity-o The objective ~t temperiq wae 
to raise the temperature so that the pack&ge of giblets could be easily 
removedo It w,s impos~Sible to achieve this objective eveRll though the 
tempeJrS.ture w.s nd.~ed to & point wheN s\JIX'fmce c:>vell'hce&tilll!g ~s evidento 
TempeJrature w.riel.tions at all three levels of he[Sl.t:illlg were g:~reater than 
with any other product. 

Chicken pieces 

Chicken pieces were p&~.cked in tour sep&mte pa.perboo.rd cartons and 
contained in ·a co~ted case having the same gross weight and dimensions 
as those f'or whole chickenso The objective was to nnse the temperature to 
permit separation o~ the individual pieces. This was done by +.Ampering to 
an int erxl&l temperature of 300F at a rate of 1150 lbso per hou.r. The carton­
size blocks, however, did not fall apart without some twisting and bendingo ~ 

Pork loin, boneless 

The pork loine were packed in 25'' x 1,._., x 6" corrugated cases M.ving 
an average gross weight of 40 lbs~ These vere tempered at m rate of 
870 lbso per hour to within 1/ 20, of the target awl 'With minimum variations 
in temperatureo They broke free of each other and t he lini~ m&terimle 

Pork slices 

Pork slices were packed in 21" x 17" x 6~1/291 ooses bavi21g a gross 
weight of 55 lbs o The slices vera arra.Dged in l.&yers vi th paperborad and 
po).yet~lene sep&r&tors o Individual slices were completely sepmrable 
when tempered to 2~ at a r&te of 1890 lbso per houro 

Stev beef 

The stew beef hmd been previously bulk~p&ckslged in 21 11 x 15" x 6" 
cases twl.ving m:n ave1'81ge gross weight of 49 lbso The contents could be 
dumped aDd re&di~ se~rated into individual pieces wben tempered to a 
tempen.tu.re of 2SOF &t a r&te of 1670 lbso peX" houro ' 

Be~t, ground 

Ths g:rownvd beet ~a ~ckm.gtec3l in eight sePJ,r&t® polyetlllylem.e bmgs 
collhtained in a 21°9 x 6" x 5-1/2°1 co:n"Vlg&ted oo.se lmsl.ving an &veH~ge gll"'Oss 
weight of 50 lToso It W!.S tempered to a temperatwre ~f 28o40F at a ra~te 
of 154o lbso per houro The tempered pr.oduct ~s euiuble for immediate 
use illl foX'IIlUl.al. ting products, such as chili mnd b~rbecued beef, but 'Was 
Ju~ed to be too stiff' for :p£tty~iilmk:1i~f in a B:ollymmtic fomiX!g l.imchineo 

12 



Small Lot Mode 

This mode of operation was 1nveet1sated by tempering frcm 1 to 8 
cases at a time; the temperature results are shown in Table 2o ReeW.ts 
indicate that the final temperatures with four or more cases vere generally 
as predictable but slightly less uniform than for a continuous mode of 
ope:ra.tiono With less tb&n 4 cases P the final temperatures were &boot 2«>:r 
lower than predicted and the variations were significanto Furthermore P 

when tempering less than 4 cases it is necessary to operate the micro<w&ve 
generator and belt at reduced power and speed to avoid difficulties with 
the transmittero The procedure is to operate tbe transmitter at half~ 
power (lol amps on the level meter) and the belt at half or less than 
the calculated RPMo Better temperature predictability can be achieved with 
one ~r two cases by applying the following factors to the belt speed: 
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Table 2. Small Lot Resul ta 

No. Case 
of Target Csl.Co Adjo Posi~ Internal Tempo ( ~) Suri"ace Temp.(~) Power 

Product Cases (Opt) S~eed Speed tion Ave Max Min Ave Mu Min KW 

Stew Beef 1 28 540 220 1 2"{ol 31 23 32.1 35 30 12o5 

n " 2 28 46o 210 1 27o2 31 24 33o4 31 25 12.5 
2 2"{ .. 4 ~ 31 35 .. ~ 52 31 

u tf 3 28 46o 230 1 26.1 30 21 33·9 36 32 12.5 
2 28.7 31 26 31.0 34 30 
3 2"{.8 29 24 30.6 33 29 

Pork Slices 8 28 500 500 1 25.8 30 23 33o9 35 31 25.0 
2 2"{.0 29 25 32.0 33 31 
3 26.9 29 25 31.3 33 30 
4 27o3 30 25 31.3 33 30 -;:; 
5 29.0 33 25 31·9 33 31 
6 28.3 30 26 32oO 34 3l 
7 28.6 32 27 33 .. 4 38 32 
8 26.3 28 25 33.9 36 31 

GroUild Beef 4 28 480 480 1 26.8 32 24 33.6 39 31 25 

Stew Beef 2 2"{.6 29 25 32.8 35 32 

Chicken pes 3 29.3 32 28 33·9 40 31 

Perk Loins 4 30.0 32 27 33·3 37 32 

Pork Loins 4 28 670 670 1 23.7 26 20 40o2 47 34 25 
2 2"{.0 28 26 34o7 41 32 
3 21·1 28 27 33o2 36 32 
4 26.7 28 24 35o3 48 31 



No. of 
Cases 

l 

2 

Factor 

If for example, it is desired to temper a single c&se, the belt speed io 
calculated as described in Appendix B. This figure is reduced by half' 
to 'compensate :for the :reduction in microev!! power and then further re~ 
~uced by the indiCQted factor. For example, if the calculmted belt speed 
is 400 RPM, then f'or a single case at half power and adjusted for cmvi t;r 
losses the actual speed will be: 400 x 1/ 2 .., 200 x Oo8 == 1.60 RPM~ The 
average internal temperature will now be close to that predictedll but the 
extremes will be significantly greater than f or a continuous mode of operationo 

Meats and poultry can be tempered in a 25KW Raytheon microwave tunnel 
from a temperature ocr to 28G.F within twelve minutes when processing four or 
more cases at a rate of about 16o0 lbs per houro When temperiq fewr tbam 
four cases, the time will be doubled since it is necessary to ope!"&te at 
half the powell" and speed to avoid problems with the t ransmittero 

Operation flexibility is excellent. The machine can be s~rtecl with 
''the sequential flip and push of a few switches and buttons, and belt speed 
can be regulated at will with a twist of a knob and a look at a tachometer., 
The microwave power supply is ad,just&ble from 0 to 25KW', but the pref'ened 
mode of operation is to mintain the power at fixed levels W!ld vary the belt 
speed, for 8DY' particular situation. Several aids such as tables, nomogmphs 
and formulae have been prepared to simplifY the determination of' belt sp~eds 
and the switching of microwave power. Once the belt speed bas been est&b~ 
lished for a particular set of conditions and a particul&r product~ it rill 
always be the same o If, tor example, the belt speed to temper glr'C\llnd beef 
from 0 to 28'T is 410 RPM it will never change, asswniag the case dimensions~ 
weight, percent fat &l!1d temperature conditions remain the sameo Belt speedl' 

, ~ewever, is not too critical as evidenced by the observation that it takes 
a 100 RPM change in speed to effect a lOf change in the tempered tel!li.Per&tuJI.'Ie. 

A target tempenture of 28~ appears to be most satisfactory for ~ 
mjority of pr.oductso At higher tempemtures, there is a risk of lo~liz~d 
overheating and drip~e illll the ce.vity emd on the conveyor belt. DJripping 
is obviously objeetion~ble si~ce it ~presents & loss and nec~s~it&tes &n 
avoidable cleaning operationo At tempemturas below 2s'T, there 'Will be 
spotty areas which reJZ8in solidly frozen. Even at 28CT there &re sm&l.l 
frozen pockets as evidenced by Nsis~J')Ice vhel!l inserting a themocollllple pll"obe. 
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Pn>ducts such ae s:rouncl beet enndl awv beef which mH solidly pmcke«n 
geDC~ly tempe~ more uniformly than items such as whole chickeQa a~d romsts 
which &X'e pecked with inbe:rren·t voids o Exceptioll!e &lN' polt"k l .oilll em.d slic~ts 
which temprexoed vel"l" u~if'clNAl;r iliA epi tee of the voids o Whole chick®ns 'With 
bmgged. giblets in the cavi:ty e.re a · pX<oblsm, silnlce it is ilr(possible to temper 

.. ~d reJrro~ the bmg witTmout the rilBk of objectioMble OWlr'he&tiJngo · The body 
~t &p~~a; to te~~DP®r e®.ti~&~f&c'OO!rily tJ bmt th® ~iS\ OJf giblet~ nf'ui!J~ to 
bNmk l.ooae o Illi\ W.l p'll'ob&bili ty it will be llll<ete®:SI.OO.T.f to f'ollow l!d~:!l:'awavs 
temper:l!.llllg by a psrioo of Jroam. temperiDg for this prmrticuU!.r prodmcto 

Whe~a it is k!r~O'fm tm t lal. plroduc t m~ bee!l'A ill'A S tor&g<e l010g al!AIO'!Jgh to Jre~Ch 
the 0° t@llq)®nl.t\JJR of the awrroutldiRilgs the fJree~®X' temp®F&t~ c&lll be 
&i!il!S~d to be th® imli.tial tampe~t~~ fo!f' 115l.ertwilQ18 ti!Re belt spe®idl.o If th~ 
stontge histoley' is ~01m, it is ~ldl.viamble to me®.so.are the illllit~l toempeX'®.= 
tuze mther tha!.llil Jl."U!ll & smmpl® ca.se th~ugh the mchi!lle ms ill. tri&l bm.llooua~ 
The initi&l tempemture shoul.d be the a.wmge of & mimmum ·or fou'll' readings 
from a representative c~seo 

.Foull" mr:f.abl es muflt be comrddexoed = ill'liti&.l temp®raturep g:roas waight, 
emse tllimeiDision &nd pelreent :fat = in deriviltllg too belt speed for:' the desirad 
fim.l tem,pen>tta:!N:t o The :fir!t1t tlilree of tbei(!Je f&ct@rea ~n be !"emcilil.y ~~~S~red 
G.llld it is ~ort&nt tmt they be knu~ rith & :re~~®M.ble degra® of &cc'IJ!l"&cy 
to c~nA.te f'olr the f's.ct th&t the pe1rcent f'<m.t 'illill nolt'Ully be mn mppro:d.~ 
mmtiono With knwle~e of these f~cto!f'stJ b&sed Oil ~tsW'emerat iMl~ expar:llel!llce1 
it is possible to obtmiih e.n avemge illllte~l Uimp~l"ed tempex-&'Wre with & 

:f:!ractioXA of & deglretll of the targeto There will be some devi&tioM tJ p!ilrtieu­
l&rly with the !$i:li&ll lot !llif'OOte of !OPeJr&tiOl!llo When the &ve~il!l iRlrt.®rnml 
t®mpeJMtwre is 2SOF P t~ l!i!p&lll b®t'i!lleen thre e:~:tNKllleS mm.y b® as much ~$ 7° o 

No~lly"' the sp&ll'il. is less thM :fowro The l.owafSt t emper&twr'C! ifil til.lmo~t eJ.lWl.ys 
~t . the geometric. center of the COl!htain®ro The mve~e awof&ce temperature 
Will be a.rouRMl 6° highelr tmm the intenw.l m~lrelge &lllld the span between the 
extJr1amee 'Will b® s:bou.t th® s~ o 

Soe concern 1!&® been exp~s~ed t]l:J'§J.t t~ l!llCOlll~tmiformity of' tempenJ.t\UlreS 
obt.~ined in the mic'll'OW!.ve tempe!r:lng might c&usa proouction p:roblems o Reporls 
of imfo~l viBit~S by ~DCOM technologi~ts to comme!f'cial instsl~tions 
usi~ micro•ve te~:rl~ ioo.iciBl.te that mdditiol!$1 te&Upe:rl~ by &llwilll8 
the product to st!md for periods of less thm.Jn ol!Ae howr will pemi t ®cqu:llibra.~ 
tiollll of U>mpe~turef3 to such m degree tmt (t}W<allil presESilllg fl1.lOO. fol"llDing of 'thee 
me®.t ~n be c~med out o 
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' CONCLUSION 

Our work has shown that microwave tempering is a most important and 
~~tul cCJq~onent of a central. food preparation system. The tempering 
equipment is easy to operate, it can be adjusted to meet specific product 
tempering :requirements, and the cost factors involved are, though higher 
than those of other tempering methods, justified by the greater accuracy 
and better control attainable in microwave tempering. Our nomogra.phs 
for determining belt speed for tempering greatly reduces the somewhat 
cumbersome tables supplied by Raytheon. 
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APPENDIX A 



'!'he md.oxoowmve te~er:!llllg equipment test~ for WS~e in cel!ll.tl!'Sl.l food 
p~ation systems co~e1sts of ~ Raytheo~ Model QMP 1679C tu~l and a 
9i5 MHz ''~rk" 50 B tnunsmitte:rro The tJZ"Bl.llLSmitter is SJ. sepamte unit 'Which 
ia to be loc.mterat in & plt"atected mrem oo ~void e:Jq')<l)flnmre to wtexo il.l!ld ste~o 
It is c©xm®ct®cil. t~ tbe cmvity ~f' th~ t llllllhllll®l b:tr ~mml® of ~ split wweganide 
m~®m®lllto Th~ t'WJ\llllel inclu&®~ ®J1h sn <Sll11tl"Jr ®®Cti Olmp sm. 8° tmk®~Wy 
®ection, ia.W.d i6..1.ll.l 8 9 C®.vity OJr mppliOO'OOX' iflll b~We®ll!o 'I'he ~lllt~CJ® ~00, t~k<e= 
a~y Beetioaa m~ designed to di~~ipmte ~ ~t~y mi~V® e!l11emgy f~m the 
c~'rltyo The ov<erMl. lelllgth is &bO'Mlt 33 9 o A one.,.pi<ece thJr~®~ply butyl 
&ll.croTf! belt conveys time product tl'ruroogh the t1W.llllmel s t epceeda wbich &re 
cmtro:!l.&bh from Oo3 FFl•i {ll}o JRP?.i) W 3o5 .FPM (1640 RPM),. Th® turw:Ql<d 
ope!llimg is 10" x 2291 

P W!i<eh 'Will &C~Il}mmo~te ~llil <eat:!l.:miA'OOd 9~ of thlf!l Cl&alGG 
to be p~C<e$Sed mt & C@llilt~ too~ p~p&~tion fm~ilityo 

Utility :r~q\drenel!ats il.riclude cooli~ 'Will.'OOr anal electric p~ro Cooliilg 
-w.ter f'oJr the tr&nsmitter n.lllg~S from 2o 5 GPi\i @ 4-CPF 'to 5o0 GPM @ 9010F o For 
the twmel the ~e :11$ 1 to 3 GPMo Whm pe~lllleR'Atl;r insta.lled~ the e~ply 
to e&ch unit sb.oold inclu61.e an onfi~e or "K:mt®s" regulatol" to comtrol thre 
fl~o 

The t~mitt®r is designed to ope~te di~ctly f~ & 46o volt 3 phase 
60 cycle source of electric :powell:" o Aln accessoey . t~!lllsfoll:"me:!l:" is awillll.ble 
for 2o8 volt selrrtceo The current requireme!I'At mt 46o volts is 50 ampso 
Sixty cycle po~r for the tunnel is ~ceived f~M the t~mittero 

. T~ps:il."ing or P1!J,Jr'ti&l tmn~ of fr~111en m&®t m th micro~r&ve e!lle1i.V on 
~_co~rci&l s~ale i~ xe~tivelv newG It is unique f~r this applicmtiol1il 
bec~use the energy, at the frequency used (915 MHz) , deeply pe~mtes the 
prOOI.uct to minimize surface tM.'WiKllg &&lid tempe~ tUN gndi®nts o Typicmlly, 
a fJN>zen proouct cmm. be temper®d with 25KW of QdcJM-wawe power in &bout 12 
mi!ll~tes &S co~red with 2 to 3 d&ya in & t~~:mp~rirlilg ~cmo 

Mic:Jro~ven ~ wich a:re a tom of: elect1ronm,gnetic ~tiOlll; . Sl.lre generated 
in s. tnw:wmittex> e~nd diJrected to the c&vi ty section of a tempe:;ring tumel 
by ~a of a -w&vegu:iOlre~ ., The mys of energy pemtmte the f':rozexn. meat to 
raise its tempentwreo Um~bsoll"bec11. m;;rs bmmc® aro'l!ud inside the c&v:1ty, 
bei~ reflected by the interior metal su~ace ~nd losing m certain amo~t of 
enexogy with e~dl p®.:>'jS~IDge t~ugh the l'ille&to The resi&u~l energy is :fiiml.ly 
&bsorbe~ in the mttenumting tu~~ls attmched to the opposite ends of the 
c&vityo . 

A ~5KW tm&~smitt®r such ~s thm~ us~d f©r t he QMP l679C Rmytheon tumnel 
deliv~rs ~b~Jlt 66,000 BTU to thre fro~ellil Pl'O'«lUlC'to TJM.$ meMtS tb.&t 33 MUJ/lb 
a.re &pplied for e. 2,COG lb/'b:Jr ope:mtiox:ll.. T~ helllt requiJrements and conse­
quern·tly the throughput l'ate depe!lld OR! the fat cont®llilt a.~d the initi~l wrnd 
fin&! temp®r~tw:re of the product b®iiDJg t~mperedo Fat content Md tempera= 
tlllll"e t'W.Ul. ffilre c~:lfl:'le.b.rted \rlth tlliuMUtghput l!'at~s mlThd hieat requill:"MlleRAt~ in e. 
tmbulffiti~n fU~is~®m with t~® ~~ehi~®o 
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The estimated cost of operating the 25KW Raytheon tunnel at a typical 
CFPF will range from 1.02 to 1.85 cents per pound, depending on the rate of 
depreciation - 20 years for the first figure and 10 years for the second. 
Both costs are based on tempering 600,000 pounds of meat per year for 
25,000 mene The 1.85-cent figure was derived as follows: 

Est~ted Operating Cost 

Capital investment 

Tempering rate 

Operating period 

Depreciation @ 1~ 

Power (36Kw @ $0 .. 025/KWH} 

Tube replacement 

Total annual cost 

- 2, 000 lbs/hr 

300 hrs/ yr 

Unit cost: ll,lOO x 100 • 1.85 c/lb 
600,000 

$100,000 

10,000 

300 

800 

$ 11,100 

It is to be noted that the operating cost is also sensitive to the 
throughput rateo The projected rate is 6oo,ooo lbs/yr or the equivalent 
of only' 300 hours of operationo If the mmchine were operated at designed 
capacity for 40 hours per week, 50 weeks per year, the annual throughput 
would approximate four million poundso Under these conditions and assuming 
a ten-year write-off the operating cost would be around Oo39 rather than 
1.85 cents per pound. 

The added cost of microwave tempering is justified in part by better 
yields, savings in floor space and handling, improved quality and sanitation, 
and particularly, greater operational flexibUity. 
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Figure .Al. Overall View Showing Waveguide Connections Between 
Transmitter and Cavit,y. 
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Figure A2. Checking Temperatures at Delivery End 



Figure A3. Transmitter Control MOdule 
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Figure A4. Side View Showing Cavity Door and Section 
ot Waveguide 
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APPENDIX B: Throughput 

Microwave tempering depends on the time a product is exposed ~nd the 
intensity of applied energyo The usual procedure for continuouo .operations 
is to operate the microwave transmitter at full power (25KW) and vaey the 
belt speedo Belt speed then is the only variable, but it must be establ.ished 
for each producto This can be dona by the use of nomograpbs or a simple 
calculation. In either case, it involves a consider.mtion of initial and 
final temperatures, product composition, and load distribution on the 
conveyor belto The initial and final temper.mtures and the product composi­
tion establish the pounds per hour or mass throughput rate that cmn be 
tempered with the available energy (25KW) o The throughput rate for WArious 
temperatures and meat compositions have been determined by Raytheon, Inc o, 
tor a 25KW tempering tunnel. These are included with the maintenance mnual 
which is supplied with the machineo 

A nomogra.pb (Figure Bl) has also been prepared as a supplementmry source 
of informationo 

The throughput mte in pounds per hour must be IJldjusted to show the 
lomd distribution on the conveyor belto This adJustment is mmde by accounting 
tor the gross case weight and the long dime~ion which represents its length­
wise positioning on the belto Thus, the belt speed in RPM is derived as 
follows : 

th in inches 

The l o54 figure in the denominator is ~ factor to convert belt speed in 
inches per hour to the scale ot the t&chometer (RPM) .. 
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Figure :Bl. Fat 

NOMOGRAPH FOR DETERMINING THRUPUT WHEN TEMPERING TO 28 Opl 
(%) 

Thruput 
t lbs/hr. ) 

25 

Example: Find thruput rate when: 
1. Initial temp. = o~. 
2. Fat content = 10%. 

Solution: 
1. Place straight edge between 

O"F and 10% on"Initial Temp" 
and "% Fat" lines. 

2. Read 1430 lbs per hr. on 
"Thruput" line. 



Appendix B, cont'd 

... Suppose tor example, it is desired to temper stew beef containing 1~ 
fat and packed to a gross weight of 55 pounds in emses 24" long.* The initial 
temperature is OOF and the final temperature is to be 280F. What is the belt 
speed? Refer to the 900f lean meat section of Raytheon's tabulation. Follow 
down "Startil!'lg Temperature" column on the left to o.o; move to the right 
and read 1429 in the 28<T '~nding Temperature•• ~olwnn.. The 1429 figure is 
the mass throughput rate in pounds per hour. Now insert this figure along 
with the case weight and length figures in the above expression for an 
answer of: 

429 x 24 = 404 RPM 
55 X 1.,54 

Belt speed can also be dete~ined directly from the two nomographs 
(Figures Bl and B2) - mass throughput i s obtained from Figure Bl and RPM from 
Figure B2. Their use is self .. explanato:ry. The nomographical answer to the 
above example is 410 RPM. The _diffeYence betweelll the two figures is insigni-
ficant. · 

The use of Raytheon 1 s table ia more accurate tam the nomograph&, but 
it is also more cumbersome, particularly when it is necessary to interpolate 
for fat content and initial temperatures. Furthermore, a high degree of 
accuracy in calculating belt speed is not necessary because the fat content 
is not always known nor is it constant from case-toacase. Neither is belt 
speed particularly criticalo Figure B3 illustn.tes for the example cited 
above that the final temperature of the product is only cbal)8ed about one 
degree for a 100 RPM change in belt speed. 

* The long dimension of_ a case is generally gt"e&ter than the width of 
the tunnel opening, and it is necessary therefore to orient the long 
dimension so it coincides with that of the belto 
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Case 
Weight 

30 

40 

50 

Figure B2. NOf.DGRAPH FOR DETERMINING BELT SPEED (RPM) WHEN TEMPERlliG TO 28 '7 

/ 
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/ 

RPM 
()() 

"y"Y 0() 
C5 0() 

"Y Oj 0 

<:§5 0 
'\C5 

--
Pivot = Case Weight 

Case length 

Example: Find RPM when: 
1. Case weight = 6o lbs. 
2. Case length = 24 ins. 
3. Thruput = 2000 l.bs per hr. 

Solution: 
1. Intersect 6o on "Case Wt" l.ine and 24 of 

"Case length" line w/straight edge. 
2. Pivot straight edge on "Pivot" line and 

intersect 2000 on "Thruput" line. 
3. Read 54o in "RPM" line . 

-- --
()() 

rv 

---

RPM = Thruput *x Case length 
Case Weight x 1..54 

*Thruput from Figure 1. 

Thruput 
( l.bs/hr) 

JS: ll/75 



Figure B3: EFFECT OF BELT SPEED ON TElRRED TEMPERATURE 
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Appendix B, Cont'd 

Belt speeds tor a number ot typical OFP.F products· have been presented 
-,or reference in Table Bl. They assume an initial temperature or zeli:'ID 

-~d a final temperature of 280p-. Belt speeds tor other products o:r for 
situations where the initial and final temperatures are other than 0 and 
28~ ean be derived as explained above. For boney items such as whole 
chickens, it can be assumed that the bone and fat react the same when exposed 
to microwave energy and that the total percentage of the two can be used 
-to calculate belt speedso It may be necessary at times, because of unknown 
factors, to correct a deviation in the target temperature by trial e.nd 
erroro A suggested guideline is that a 100 RPM change in belt speed is 
equivalent to about a l<>:F change in product temperature .. the temperature 
varying inversely with the change in speedo 
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TABLE Blo Belt Speed (RPM) for Tnical Frozen Meats 
Continuous Mode 

Gross Case dimena *sa 
case sions ~* 'fo* Flow *** Re= 

FSB Product Wt(lbs) (ins) Fat Bone (lbs/hr) RPM marktS -
00~551-9910 Bacon, Slab, Frozen 75 25o7 X 12 X 10 70 ... 2638 590 

00-133-58811- Beef,._ Bnls, Frzn, Chuck Short Ribs** - - - - ll - 1441 

00-133-5886 " !It II Oven Roasts 54 20 .. 0 X 15 X 5 ll(Rnd)= 1441 350 
30(chuck)~ 1687 410 

00-133-5687 fl If II Pot Roasts 54 20.,0 X 15 X 5 26 1631 390 -
00-133-5888 It II " Round 81 34o5 X 21o5 X 13 14 1476 No go.**** - -
0()-133-5889 It If It Swiss. Shanks 57 20o0 X 15 X 5 20 1547 350 -
00-299-1316 u Corned, Frozen 65 24.0 X 12 X 9 10 1429 340 0 - ('(') 

. 00-138-718o " Cutlets " Unbreaded ** ** 
- - . -

oo..rn -5017 It Dried !I 54 20.0 X 15 X 5 12 1453 350 -
oo-252-7978 " 1f " Chipped 65 24o0 X 12 X 10 6 1389 330 -
00-285-2075 tf Ground, Frozen 54 21.0 X 16 X 6 24 1663 410 -
00-582-1323 " Tenderloin " 54 21.0 X 15 X 5 36 1787 430 -
OQ-J21-B229 " Liver, tt 'Z7 l6o0 X 12 X 6 4 1368 530 -
00-080-528o Bochwurst, " ** ** 24 1603 -

- - - -
00-582-1346 Bologna, II 65 20xl2x9 28 1659 330 -
00-080-5318 Bratwurst, " 66 18 X 13 X 11 24 1603 No goo - -



~ble Bl Crolillt 9 d 

Groas Case di~ MaiSS 

esse sions ~* ~* Flow **-lf Re~ 

FSB Px>oouet Wt(lbs) (ins) Fat Bone (lbs/br) RPM m!C'k~ 

00-419~4320 C&~dian .. style bacon, f'll:'zn, unsliced ** ** 18 = 15~3 

00~965-2128 Chicken, Frzn.P Cutup(w/o giblets,etc) 65 22 X l7o5 X 8o3 5 41 1976 430 

00~126-3416 Chicken n Whole 60 23 X 17 X 8.2 4 32 11~ 440 

00~044~1869 Chitter1ings, frzn 1 pre-cooked 65 26o9 X 17o8x'7o5 

oo-682~6643 Bamp cooked, frzn, smoked 53 20xl2x9 28 - 1659 410 

00-926-1599 Lamb, roast, trzn 54 20xl2x9 21 - 1561 38o 

()() ... 127-~08 Li vex-, sausage, frzn 65 20xl2x9 4 .. 1368 270 

00-164-0488 Lobster, trzn, whole 28 21 X 12 X llo5 0 ~ 1328 = No go. 

00~682-6816 LUDcheon Loaf, frzn 65 24 X 12 X 10 13 -- 1464 350 
~ 

OO-ll8c>2322 26 15.4 X 8 X 5.3 26 1631 630 
("') 

Pepperoni;~ frzn, dry = 

oo..o44-1854 Pigs feet, frZn 32 17 X 11o5 X 6 15 80 4122 1420 

00-080-5805 Polish sausage, frzn 11 10o3 X 8.4 X 5o8 26 = 1631 990 

00-126-4062 Pork butt, :frzn 53 20 X 12o5 X 9 29 2 1704 420 

00-491-7209 Pork, entry style ribs, frzn 50 ** l7 43 2312 
- -

00-753-6503 Pork, dried, frzn 53 20xl2x9 30 ~ 1687 410 

00-753-6426 Pork, ham, f'rzn 53 20xl2x9 28 - 1659 410 



Tab~e B~ Cont'd 

Gross Case di- Mass 
case sions j ·:1- ~* Flow *** Re-

F9 Product Wt(lbs) (ins) Fat Bone ( l bs/hr) RPM marks ---
()()o5&i!-1345 Pork loin, frozen 54 30 X 11. X 10 24 - 1603 580 

00-753-6568 Pork roast, :I 
1 bnls 53 20x12x 9 24 16o3 390 "" 

.oo-126-8743 Pork spareribs " 53 20x12x9 23 38 2345 570 

00-126-8724 Pork tenderloin" 53 21 X 16 X 6 10 - 1429 370 

~1879 Pork hocks II 32 17 X llo5 X 6 

00-273-3622 Rabbit, frozen, cutup 65 22 X 17.5 X 8.3 

OO..o8o-6007 Rock Cornish hen, frzn 18 22 X 18o3 X 3•9 10 32 1895 ~490 

00-299-1330 Salami, frozen 65 24 X 12 X 10 26 - 1631 390 
(\! 

6o 16 X 13 X 12 1328 
('>') 

00-1.64-6874 Scallops, II 0 No goo - -
oo-oBo-7132 Scrapple, II 

** ** 14 
. - - . 

00-582-1J039 Shrimp1 frzn,ra.w peeled, deveined 58 19 X 17 X 13 1 - 1338 - No go. 

00-127-8212 ThuriDger, frozen, smoked 65 24 X 12 X 10 25 - 1617 390 

00-582-401J2 Turkey, bnl.s, frzn, cooked 68 31 X 16 X 5.5 15 - 1489 440 

00-543-7333 Turkey, frzn, ready-to-cook,whole 125 32 X 22.5 X 9 ll 27 1821 - No go. 



Table Bl~ Cont'd 

FSN Product 

OO-l39-848o Veal, cutlets, frozen 

Gross 
Case 
Wt(lbs) 

** 

* From "Composition of Foods" USDA. Handbook Ne. 8 

** Procured locall.y'. case weight and dimensions vary. 

*** To raise temperature from 0~ to 2B"F. 

**** Case too high to pass portals o 

Case di­
sions 
(ins) 

** 

1o* 
Fat 

ll 

1o* 
Bone 

Mass 
Flow *** 
(lbs/hr) RPM 

1441 

Re .. 
marks 

~ 





APPENDIX C 



Appendix C. - Ope:ration 

The s'Wi tchill!g of mic]N)V&W power wo&s done iilll acconlsmce with Raytheon' s 
recormnanda. tiona o The recommende<il procedure we to mm the power on when 
the leading end of the first case reached the center of the cavity-and to 
shut it off when the trmiling end of the last c&se is in the same positiono 
Knowing 'Where the lead and trailil!l8 erncils of a cmsre is, hoW1ever, a problem 
since the cavity is sealed whelll the mm.chine is iRA opel"'&tiono Initially, 
the switching was done by a case count method based on the lel!lgth of' the 
tunnel and the assumption that t he critical dimension of a case is 24 incheso 
The distance from the center of the cavity to eithe~ end of the tunnel is 
12' which means that the pow:&- is to be turned "on" when the traililllg end 
of the 6th case enters the tunnel and turned "off" when the lead edge of 
the 6th case from the end of the line reaches the dischmrge openingo This 
is a cumbersome pr ocedure which is based on tbe assumption t hat the long 
dimension of a case is 24" o To simpl:l:fy the operation the belt wss marked 
and numbered at 24" or 2 ' i nt erva.lso Now the pl"ocedure is to note the 
numbered mark in line with the lead end of the first cmse, add 6, and when 
the ~ombined number on the belt reaches the tunnel entrance the power is 
switched ono Similarly when the tlr'a.iling edge of the last case enters the 
tunnel the-number on the belt is noted to which 6 ie mdded and when the 
tOtal of the two reaches tbe entnmce the power is switched off o If P tor 
example P tour cases are w be tempered end ... to~em.d am the lead edge of the 
first case is in line with mark 1/:6 ORll the belt the mieroW!S!,ve power is to 
be turned "on" when m&xok #l2. re&chea the tunnel tentrance and tumed off 
when mark #16 is il1i a e~imil.&r poaitiono T~ tot®J. numbelr of 2u beltlilSirks 
is 33 an<il when the on/off positioma sxceed this ~umber a aubtr.mctive 
adjustment must be mde:- S~pose the lead edge of a :fou.r~ca.se lot is in 
line w1 th mark 30 in the belt, then the on/ off posi t:l.oxis will be 36 and 4o, 
respectively. Since these numbers do nota~r on the belt it is necessar.r 
to subtract t he total of 2' belt narks {33) f rom 36 and 40 to obtain 3 and 7 
for the microwave power "on/ ott" positions .. 

Continuous mode ope~tion 

Detailed procedures t or steady' state operations a:re co!!!t&ined in 
Raytheon us QMP l679C ·Mic:ro~ve Tunnel Operating and Maintenance Manuml 
{Pt 2980-4) o The following is a streamlined version which has proven 
to be eonven:lent tor day-tco ... day operations o Vml ves and controls can be 
identified by either the marne or the letters ~d nu~era in p&re~thesis ~ 

TO START: 

2~~ Flip "Standby" toggle switch {#1) to ON position .. 

3· Flip "CoiiP.trol" toggle switch (://2) to .Q! positiono 



4. Push "Conveyor Start" button (#3). 

5. Turn speed control knob ( /i4) for desired RPM. 

6. Flip "High Voltage" toggle switch (#5) to .Q!! position. 

7• Flip "MODE" toggle switch (#7) to "MANUAL" position. 

8. When "READY" light is ON and leading end of 1st case is at center 
of cavity - ·push "MicrOWave Power On" button (#6) . 

9· Jog power level "Raise" button (#8) to obtain reading of 2.2 
Amperes on power level meter (#9) • 

10. Flip "MODE" toggle switch (#7) to "AurOMATIC" position. 

TO STOP: 

1. When trailing end of last case reaches center of cavity, push 
"Microwave Power Off" button ( #6) • 

2. Flip "High Voltage" toggle switch (#5) to ~ position. 

3o When last case exits tunnel, push "CONVEYOR STOP" button (#3). 

4. After· 5 minutes, flip "Control" (#2) and "Standby" (#1) toggle 
switches to "OFF" position. 

5o Close cooling water valves ("A" and "B"). 

TO START: 

SMALL wr OPERATING PROCEDURE 
(Less than 4 cases) 

lo thru 8. .. same as above. NorE: Belt speed to be 1/2 calculated RPM. 

9. Jog power l evel "RAISE" button (#8) to obtain reading of 1.1 Amperes 
on power level meter ( #9) • 

10. Same as above. 

TO STOP: 

Same as above. 
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Satety 

Public Law 90-62, Radiation Contlr'Ol tor HeQl.th ancl satety Act ot 1968, 
Code of Federal Regulations, Title 21, Cb&pter 1, J Part 1030 sets etan&&rds 
with which microwave ovens manufactured after October 1971 must comply. 
These standards specify acceptable levels of leakage as well as techniques 
to be used to demonstrate satisf~ctory perto~ceo 

It is important to emphasize that compl i8Jilce with these standards does 
not eliminate potential hazards and a program of routine monitoring is 
important to insure safety in the regular use of these ovens. 

This law does not specify the frequency with which routine surveys 
should be performed; howevexo, Ar'llq Regulation 40-44 recommends that visual 
inspections should be performed as often as possible, at least weekly by 
operating personnel. A visual inspection should check for tbe following: 

1.. Loose or bent door hinges (screws missing). 

2. Sprung, warped, or misaligned doorso 

3. Faulty interlocks (e.g. oven operates with door slightly ajar). 

4. Worn, missing or d81melged seals around door or viewing areao 

5. Pitting or burnt spots· around door closure areao 

A comprehensive survey should be performed at least every six months 
once a radiation protection program is established and is functioning .. 

A short training program on the proper survey techniques ·and hazard 
evaluation is offered as on-the-job training by the USA Environmental Hygiene 
Agencyo 

Leakage must not exceed 5 milliwatts/ square centimeter at any point 5 em 
or more from aey external suri'ace of the machine o This measurement must be 
made using an instrument which raaches 9CYf, of its steady state readiJ!S within 
three seconds and has a detector with an effective aperture of 25 emf or less. 
The instrument must have an accuracy of plus or minus 1 db. 



Cleaning 

The primary- obJective of cleaning is to prevent &Jl¥ buildup or dried 
blood or other material inside the cavity or on the conveyor belto An accumu­
lation of dried blood is a .potential source of fire when e~osed to micro­
wave heating for a period ot time. Sanitation is also to be considered, but 
this is ot secondary importance since the material being tempered, is never 
in contact with any part of the machine as long as the tempering is done 
with the product in packing cases. 

Cleaning and sanitizing can be scheduled on an asmneeded basis and 
accomplished by hosing the ·interior of the machine through the cavity door 
with lao<>F water. · Most of this wash=water will. be contained on the inside 
and can be directed to a sewer through a hose attached to the cavity drain. 

Cleaning of the belt can be handled in a similar manner, except that 
the hosing can best be done outside the cavity. In cases where the splashing 
ot a hose cannot be tolerated it is recommended that both sides of the belt 
be manually sponged with a hot detergent-sanitizing solution (FSN 930/249/ 
8036, or 6840/810/6396} followed by a water rinse. 

The belt must not be loosened nor the microwave transmitter operated 
during cleaning operations. 

37 




